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TITLE 



ABSTRACT 



PR , 0BL ^ ? BE S ° LVED: T ° Prwide 3 substrate ter an e,ectronic device, wherein an 
epitaxial film having a Wurzeit type crystal structure which can be used as a functional film 
of a semiconductor film, etc., or as a foundation of such a functional film existing on an Si 
substrate. 

SOLUTION: This board has a surface layer on a surface of an Si single- crystal board with 
a buffer layer interposed and the buffer layer comprises at least any of an R-Zr oxide thin 
film containing oxide of a rare-earth element and/or zirconium oxide, an AMn0 3 thin film 
which contains A (rare-earth element), Mn and O and has a hexagonal YMn0 3 type 
structure, an AlOa thin film containing Al and O and an NaCI type nitride thin film 
containing at least one kind of titanium nitride, nbbium nitride and tantalum nitride and 
zirconium nitride. The surface layer contains a Wurzeit type oxide and/or nitride. 
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?)3llBtt£. AFM (SCfl&fcWI) 
Sflffiffl§Rz (+*¥%&£. 5 0 Onm) T' 

*Uri£. Rz<i. mi<lt2rmWF. iOifiL 
<fi0. 6 0ndaTT**. =5rii. .IWj: o&3lpffl$ 
tt. ^ffiO»iL<«8 0%tU:, J:9I?2L<J29 0 
%ULL. $ t>lz#i t < (i 9 5 %tLh^«T'ieSLT 

ixmmzmf&u.it rai 1 octf&±(?>mmz 

i?JtoT¥^(c^WL^ffiScol OfilBJftLh^iS^L-C 

%JiLLTR z *<2nmtlT-C'$>.2. t fi, ±ieo«t 3 (C 1 0 
■BfJa±*«teUfck §(w-?-<7)8 O%liLhcOfiS0rT'R z 
* { 2 nmlilT-C-* hZt . ^rfc . HBfiS R z 

(i, JIS B %l(HZ&g.Zi\X^&. 

[ o o 4 4 3 ;<-y 7 7 mzmfSL-tmrniziHThv -y^ 

>-^-7 - ^(H@fcJ:^Rzc7)TRIffl(i^(==5:<, /h 

<^ffiits^TIS<i{i, HKtco. 7' m&. mzo. 4 
° SS. ±KRzOT[Sffl{i0. 1 Onu^gT'ft^. 
[004 53 ^<y7rJlS:fflfiS;-r&jiK<?)RHE 

zcommii&iii&tiXvmfi^iB.&tf&tixu&z 
tiz%&. zcoztiz. m8m**xmB& zm<mm 
iz-owx i>m&x'$>& . 

[00463 mz. ^.yy 7 m&n&i-z>&mmiz^ 
x. wmtzmiti. 

[00473 AMnO,Mi 

AMn0 3 ^)ili. A*ftYMnO s a^|SJMia^ 
L, ±JS^*<A [Att, #±li7Clg (Scfci^YSr^ 

[00483 AMn0 3 ^f8K$:«fi!t-ri»AMn03mff 
f4t=fc^T. J!I?JtA/Mn(i, #4L<{i0. 8~ 
1. 2. J:0ff4L<{iO. 9-1. lX'hh. A/M 
nS-^cOffifflt-fSJltlCiO. AMn0 3 ^jf)K^ 
ftttiJiViiBBtt^fifffc**. AMn0 3 i&fJ&|±. 
Zft±lz&'gcr>m{tyiB$&Z&&t&fzlib?)^v 7 r® 
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ztih. AMno 3 m^4ai. as, ®mxm 

ma. 2. 7~3. 3gjKT'*>l>. 
[0049] AM n 0 3 mtnUt. 7^f B ^(7)^ffl 

£. ^^i^fi^G a InAI N^gfl^sDS 
AM n 0 3 ^?flKi,7 , ^rfB^fe B B B W4*^«fi!t-f h& 

[0050] AMn0smmzt5VhAtLxte. m 

£BfY, Ho, Er. Yb» Tmfcitf'Lu^&X fc 

[0051] AUno 3 jmmi. mmt vmz cm* 
&foitzmm. -ttchh (oooi) mftmx'b o , # 

[ 0 0 5 2 ] . 44»l*fc:&(t6*--Ertlltfc tt. 

«i tf . (oooi) jh-eail c sm-ffi 

MRii . »5 2 (9 - 0 X*8@#fT ( 0 0 0 L ) fflJ2W*> 
Rftft-^^S*^ ( 0 0 0 L) ffiRW^g^t-^ 
1 0 %OT „ if£ L<1&5 WF*«T* & . & 
fc. *HB*fflStis^T (00 0L) Ji, (000 1 )-^ 
(0002) *£<9iH!i£Ifi*ia^*»S"C*6. 2 
fc. 0Ulf (111) *-E|6iB8i. ( L L L) WW- 
nWM\:-9omm\ ( L L L) ffi£St*7)ft*:t-? 

*J. (LLL)tt. ( 1 1 1 ) * (222) «rffW«i 

[0 0 5 3] ifc. **BIWfcfc»t&Xt**5^jM8l 

U ■W*rtfcZtti:U:fc*. ttAtfXtl. YttJsJ: 

nXSWBMi. RHEEDf¥fre*tf -v 
y-?^->**tCi:fWBT**. fcfc. RHE 
EDfcti. RWKjWFFfcEltlr (Reflection High Ener 
gy Electron Diffraction) X'h"). RHEEDiPfiffi 

ii. mftizm?>%fm<?)Ei!ii\<v%mx'f)&. 

[00 54] AMn0 3 %flUK)9Stt. »4L<(il 

~10 00nm. J: OSf^L<li3~5 0nmTJ>l>„ AM 

n o 3 %n»w ?4 t . urn* mm t-r&zttf 



[00 553 R-Zrj^lg^ftgfii 
R-Zr»iJHHWIIWi. »i4-C^.x7TltLTfflo 
TtJ:<. flWflHHlM^Tfl (AMnOjXJtM. 
A 1 O l ^m) W^77tB ( NaC 1 Sg-ft 

JKwnatttim^. r-z rxm&vamt, >< 

••/ y TmtwttwmmoTimt ixmn z t aw* 
u\ r-z rmimmmtrmtLxmizzt 
izx*). m&mmmnwm&mtzktfX'Zi. t 

fc, R-ZrXSMbHimitt. 15f£fl!!?)?IffiStOf&?g 
5£ttlt. *«)«SJIittiaUbC?8*^6. tost, mim 

tmm^immm^ ^^<i. r - z r 3BMbR8iR£ 
[0056] R-zrmmmmt. %±®jcm ( s 

x^A£±j£#t?-|>Xt:;?*x+yWit*&l>. 
[0057] *±ja7t*«0i!ft»(i, Yb 2 0 3 . Tm 2 
0 3 , Er 2 0 3N Y 2 0 3 , Ho 2 0 3l Gd 2 0 3< Dy z O 
3 , Tb 2 0 3< Pr 2 0 3% Nd 2 0 3 . Ce0 2 . Eu 
2 0 3s Sm 2 0 3 . La 2 0 3 . S c 2 0 3 2£l£Lu 2 0 3 *> 
hm$LZtihZ b AW* I < . tt& Lfc«ff JSROV •/ 

1- vn^m-ht. Yb 2 0 3> Sc|0 8 *fc«tLu, 

5aR«)iMfc«Ui. i*ife*»4>aBRt»*i*2«jaLhOBMt 

[0058] - »S*g|«WlcZ r 

0 2 - eft !» i t Lv ^\ ^S»ei£^^filf9 L 

[0059]R-Zr «tfefI^*^±«7C*l$ftft 
i:tMk> f /l'3-">Ai:tf!)B»«rr*>4«^. @B§it*{i 

<i. R-ZrM&ftSWMH£. S6K«t=ft±ajaaJMt 

fitt^<=5:0. y-?*St>*S<**£fcaw!>, IMS 

«t»fc*«t*Z r*>lt*tt. »^L<{i9 3molZi@, J: 0 
±, fit*?* L<Ji9 9. 5»lXfeU:T*6. WME» 

UMfc^3xi>Agwt*5^T. mmtiit/zrm< 
mmmn. m&. ^ffitm^pzt'x-kz. 

Zri0it^«0±IS(i, mtE<r)b.Z*>9 9. 9 9molJ^JK 
X'hh. &tZ, StEWWMMfcafRTliZ r 0 2 1 H f 
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zixnftztiKi&Th&tf. h f o 2 u*%mzm 
iR-zr ^mnrniza ^x z r o , t £ < wimiz 

[0060] R— Z rjRiHbftfflHRIca. 1*ffiS[#<0fc 
*>£fe!jnM:SALTt>J:^. W*Jf. Ca^Mgftif 

1 tJii^s i li. &OSfc$£r6j±$tf 

Sfcfc. Mru Fe, Co. N i ^rt"<0S^7cS(i. JR 

[006 1 ]R-ZrjRKMt*«BBi. AMn0 3 lI 

jaw*). AMno 3 a»m*jj:tfaiBm»jEtm 

tt^-fftiAdrft*tf«tft*»«5>ailS5<tSfcft. R-Z 

rawflsiwnwi. < 1 1 1 > Etowxe^S'-wMi 

iSJUi, T*fik*4iMB*« (001) Eiare*->Ti 
(111) BHdfc$r6fc*>. R-Z rjftlMUMHLhfc: 

A«t«*R»*4*£fc:tt. R-ZrjRMflaWW* 1 
(001) El»l*>llirc*->TfcJ:v>. 

[00623 r— z rmmmmcoo *>^±m^m 
<mmmt. si am wkjlwmw- t«^-ct 

Si (10 0) *aLtft3MW-6«£?fc ( 1 1 1 ) £ 
3rti. Si (10 0) *KJ:lcj|MM-4*£ 
«iJWE«IWBa«R*Pr 2 03*»4>aiiK't4i 

ttoa^«lftW§6;h.4. R-Zr$BMUIffiUlt 
ni%WtfciSn,3-*rJ>&Mi* Si ( l l l ) g£± 

•ctt ( 1 1 1 ) wfobzitf. si aoo) mux 

ii (OODErtim. 

[ 0 0 6 3 3 R- Z r JNBMMIRaff * UWSUJfl 
afcJoTJW:***. SfiL-<{i5-5 0 0ni». J: 0» 
* L<Jil 0-5 0nmT'*S. R - Z r jRHKHMM 

^ZbmtLWK R-Z rXMcfamtZIMMIb 
LTJB^S*§££Wt. 10-5 0 OnmgJ&Oi,?)*^ 

[0064] «r*J. R-Z r jfiiMUKIIRi. flj£*>f| 
«rS2«tU:«WKS:flHILfci,OT*oTfcJ:<. W 

[00 6 53 ai o.ag« 

A 1 O.ftgKtt. A 1 fc,i:tfO£±j£#i-f i-xtr? 



i. o-i. ix'btzbmtL\.\ 

[0066] tcti . A 1 O, jRSMii. Si am 

«fcbfc:E»»jfc*sa\ am wwwmxv 
7Tm<r>±.izmm-z>. ^-rn^^i. a i o,^m 
mi a 1 1 ) Eitw>xe**s/*7i,i!i:fr6. 

[0067] A 1 O^aOR^ffStt. #£L<135~ 
500nnu J: 9#f4L<(i5~2 OnnfC&S,, AlO, 

1 0 0 6 8 ] Sr*j. A 1 O, ftSRU. 2 

roo6 9i Nac i gg^awii 

Nac isflftiMiRu. mit+fy. »t-*7. a 

[ 0 0 7 0 ] N a C 1 £Sfl^jR#2a£lJ:aSfldto 
&fc. NaC lSaftMffR(c-fr2n&SftM 

[ o o 7 1 1 n a c i mmammt. *<o±c»*^ 

»*V*B«t»KW-*«Un**fc"t. NaC iSBft 

VmizmLXJB&Zii&$mi±ttMi:e)T. Na 
C 1 ^ft«ffiHHU£8t89fc Wr£ (111) ffi**ffi 
ftLtzttf^is-'DVmX'hhZbbWZ U\ 
[0072]s5r*J. NaClSIftailli, Si (1 
1 1 ) &IR±lzmBaB&i-&fr. (Ill) El*W)»fc 
1^N*-y7TJB<0±t}g«-rS. ^-rfLO%&t>, NaC 

1 aBHbMaURii ( l l l ) KfiOxef^-wt-Ki; 

[ 0 0 7 3 ] N aC 1 SBMIROffi UWSli. 
#*L<Ht5~500m. «fc 9#* L<<i 1 0~5 Onm 
T*6. NaC iSBftlMUKi. *«ISAtt. ^ffitt 

[0074] «r*J. N a C 1 SgttflMJi. 
=5rS2SW±O^Sr««L3ti«T'*oTtJ:<. Jf 

[0075] HBJj 

K»B4:¥fTfc: (0001 ) BtfElH LfcfcOT**. 
[0076] *«WC«. ^B(C Si (100) 
-ThWRb . ItaLfc ( 1 1 1 ) EWOR-Z r»»fl: 

wmme>>U7Tm*?t]safcth am eisi^js 
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m^t^mmi-hztizjio. msLbfmmbnmza 

V&&Hj&F<?)ffli&Z. Si (10 0) IIWJTA h 
Wc&fa (000 1 ) AOS i (110) /rt>VVT4 
biMb^fe ( 1 - 1 0 0 ) k-$-hZttfX'%&. Itztf 

[0077] ^tt^m^r^M zmmw&wk-t&tz 
•eaictaWMtu*. **«tcii. twmt* xtsuu 

VHztiill (0001) m<?>%.fli<r)n -/*c>? , tj-7<r) 

^mm¥2. so* OTk*«a«<oiiJitt**LT^ 

4£fcjMff4U>. Hffil4>glffitt£, AFM 

SMS 5 0 On) T*Lfcfc*. Rz 
14. »*L<li2 0wOT. «t L<lil OnmJTF 

-LeWGHSti. £g£B£*>fc->T&iBJI£JBi£ 

^L^ffsoi oaBfja±s , «£L-c«5flrc*4. 
[0078] &mmiztsii& d y * yft-ycvtmrn 

-ftfcl. 7' gflL tffcl. 0* gjg. ±£Rz 
COTKRfflJiO. 1 OnmggT'&S. 

[ o o 7 9 ] &*> . $mmcomffizmm ix . ¥Stt£ 

[0080] ammomZlt. i?£L<(i5nnr-5 0ju 
m, «t L<ti0. 5-1 Oju Hffidfrlf 

[oo8i] 2 mj±<7)mm 

[0082] $mKnamt^tzm&^tvr. smt? 

W!MWSflyBt£SW*4 £ i: Iff^M 



fcBWWS A 1 G a I n NjRSWIifcttZ n OXftR* 

[0083] A 1 Ga I nNj&SB3 
A 1 Ga I nN^jlffili. A 1 . GafcilXl nfrhM 

RZtil&ltKbbiUbiibi&litobL. 

[0084] AIGaln N^jftttlAiittfc|B£& 
fl&^tf, HMWCGa, I n y A 1,.,.,N <0Sx£ 

k osx+ygi ) xmztMB&iimzbim 

[0085] A 1 Ga I nNjRjlfflHi, nM^pMcO^ 

mmb LTt«tv\ *mmtiKt%£izte. m&tt 
mm^mwmm.^-^b txnmti z t * . 

*mfctt.*ft$*&Mi. «*.tfSi*Mg$rif. Ga 
, I n y A 1 ^..yN^^ft^Kfctvc&fccOK-ty 

[0086] ZnOMI 

z n OjfiSMtii. iMaE»*±j*^k u #2 l< urn 

«WtZnOj&»fe«WS*iS. 
[0087] 

^C61RS:Sit£9Att. ElTtfHl #&9fc0 
TtStrfS . Z n O-^A 1 NZcb'WfrV r 4 bWft& 

tmmzmimb Lxnmttim^s,. fzbtif. % 
c***8ttirt-4 ; t c j: o . uab txcommma^ 

Sk=Sr*. LED*],— f-y 4*- F&ijtilt 

«iar. %.mbix®<m®£m 

[0088] ±mmt. *<0±K»jfiS*i&W 

[0089] ^o»»u % s*W(cA^ a Q B 4^j±^f B 

*^«A$ix. BSiffiC (ill) m&tzl± ( 0 0 
0 1 ) a* { ier6]L-^xh-^^>-+yPMT'J)l». fc/iL. 

H£hfre>-fhfzm&b%&Zbl>hh. Ktts, ( l l 
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1 ) EW^IBIll*#rtW-*fc*>fctt, -eoTCfSft 

ir-z rmimmmt. din m^x-h^xi 
(ooi) mfo?b^xi>±^. v^io%&t. &® 

flUtti ( 1 1 1 ) E|tte&£>. (000 1) Eft 

R-Z r^IHtfeflffit* (111) WfabthZbtm 
i U>*\ (001) Efii: L*:l§-£Ti> , 

(oooi) &itib-t&ztii*imx'hz>. 
[0090] £mm®zm-tz&mttmzm%$iii'. 
010(b), <c) iutx (d) iztjk-tkotz. mm 

[ 0 0 9 1 3 &R3fR(*, Pt, Ir, Os. Re, P 

d. Rhti£VRu0yJ?%<bi>imZ&&ttb?ZZ 

t, I r, PdfciyRhJii^t^i), Os, Re 

[00923 &mmf&comz&mmz£ oh^sa*, # 

4L<li5~5 0 0nm, J: 0*4 L<t25 0-1 5 Onm 

tf*U>. J:»)ft*«ttt. Kttfltfc IX+Mzffl&Z 
**fcy>tli, »8*3 0iaJaLhfc-t*itj&«#*L 
<, 10 0iaiaT«Jf3TH^*RTOiWt4>*i*. 4 

~5 0 Omb-t&ZbtffH Ln. 
[00933 gJMfrEgftgif 

Mm±.izmim¥m#mz&f8.i- t lx t x \>\ 
*lt, zt><,zmm%b'zttmix%{v®i¥mfcmm£ 

flMtt*. 

[00943 afl:ft*»4>*6*HJIJ:t:«f £KHfc1W& 
$ftl£f&»tl>Ji£li, MTcobtiOX'&Z. Bftft* 
6$r**HJI*JIMW4IBfc. SKilKtftttfc&JEtt 

*lBtt* l »fe/itC<<*4. £££OKft<filifc. 

JM8W«L<$:4. LfctfoT. 
*6*iWt:*jv^. Mft£ifittJ:*&Att2:Hift 

[00953 WitWmmtt. *HWMfcU:A 1 G a 

[00963 flftWHMMav&i. *<wmz x -> 



Ti^SrStf, jiff. 2nm~5/intgJgfc-fS. 
[00973 **Jfc>*W«-r XfflS«^*"JfflL^g 

■<3*ttfltt*$ J:tf¥tftt£f!Wl LftfraffliftCff* L 

*- F U: ■) . «&?)Mfl:'ft)¥z5ft/I SrISItT p 

[0098] *»tff/^ zmmt: wtyj * 
-wzmmuzbzomtfLM*. B3(=*t. 

[00993 03 (SR-rfc*^ *- Fli, *W9toi* 
=f-T>UzmW8L2Q<r&mm [ (0001 ) EfflGa 
NSW] ±(c. flftjM¥«»l&«trinffiB«»«AL 

£*>OT-S>l>. Z<rmtlBMMi. ¥*T>UXRffli2 
0fflH*>£>, S ifciiSj&KK-rLfcnSGaN (00 0 
1 ) )S51*'^Snl3^? hill 04 , Si£K 
-rU,:niAl 0 .3Ga 0 . 7 NIK5:SS2OnI? 
77H110 5, SiiK-7 , LfcnIIn 0ill Ga 
o. 99 NKa>£>$:63$l<9nS?7-y F/fl 06, JVY 
-7C01 n 0 .o 6 Ga 0 . 95 N)l*»4>^|,igttJIl 0 7, M 
gfcK-rLfcpfil n 0 ,„Ga 0 . S9 NSi*'f>«Sl 
<^pI^77Kil08, MgSr H-r LfcpfflAl 
0 . 3 Ga 0i ,Nl!i^^2<OpI?7'/Hll 09, 

1110 £*tf. 

[0 1003 i«J:3'S^6*^3r-Ht»ftt4Rfc: 
ti. W»t*i4»«>pfflJiOimi*»tttl*I±**S*: 

&mmmk\,zT-->v^hzbi)m£L^. r-- 

1 1 5-, nln^; M±tettA 1 *»4»«r 

[01013 aa^a 

IBIH«)»*t:(i. *a«At: J: 41«H¥8 - 1 0 9 0 
tWiLi*. ifz, $mm<7)Bmzli. x^yfyy 

rm. movpe (3fflbMt§iffi]££) as^tiMBE 

(C, ^N*-y^'J>'^2rffl^|,;i:^Jtf4L^. MOV 
PEffiT'iiS^ia^S: 1 0 0 0*cauEi:*<"f SjM?** 

T'(iS«aS6 0 orSKTXtSAttt^aaiJI^j^ 

^rtiT'j) *) . $ fctusara-jT t , M»mzitms.i& 

«*»2 0 0\:ja±T»<itf. ttftttO+»CA*Wr«B 
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mtm**). mwknfimmiizzm&nfkVr. mum 

MR-*-** MBKJf. A^^-^t'tCto 

®%X'$>&. 

[o 1 023 ^"/yrmaxx/mmmb. ^soect 

H^xvMi. fiUtfl Oa*VJ±<r>Wkb-t 

hZb jWS»T. L*(> JMI Afc LT{i&tf>T£{I&0 

&<-r&ZbtfX'ZZ. 5HRTIi2~8-f ^f^)S i •> 

x\tz cox o ^mwTu^xffi \\m*\mx'h & . & 
[0103] ^mcom=FT^ zmmmx'it. 

«*I2TF) KffcSilT. S i 0 2 &fc'Olfttjf *^J3c$ 

mz*^xit&i$wimikstiitf. z^b^^ttz 

UHWaWSB LT±!ESS-fLJl fc ^ & *> $> 6 . 
[0 1043 

[0 1 0 53 ggfifeffJl 

1 . Si ( l l l ) MR, 

2. AMnOgjRfflR (HoMnO,flER) . 

3. «jBl (GaNSM) 

nmx-mm*mm ztitzm??; u xmmm. 2 0 £ . u 
[01063 si (in) afictt. sibb# ( 1 1 

1 ) ffifcSrSiatcSJSrLTSffiBf&UtS i J|M£bV> 
x/\ (11824 V?*>H». W$3 0 0jun>) fcjflu 

[ 0 1 0 7 3 14 tc^-me&g 1 £fflv\ *n 

$mn\ aHzw.rn.wz. mm&Aaxtf^-^5\,z 
Xhmwmt. t-?6iz£&wmffitzffittz& 

fi*/l^3C. *£a£C2£ll£U 1 0 

#H£SiiWMrt=J:DfifflM-*fc*>lc» S«£ 

2 0r P mt'isiiE$-fr. »fl:ttxr^tti^ai7«)iMHbjr 

Xfl«ftyX;l.8*»fe. S8t£»£f+i£{c2 5cc/#<9Si| 
•o-TiiAL 6 0 0iCtJBRLfc. CliilcJ: 9JR 
IJMb&^fcT. SfiEKBtcJ* Sttlni0)S iBMUMW 



[01083 8JWC. 9 0 ortCjtffeL. 2 0r P 
■"CHUg*** fc ^K^l^I^X* 2 5cc/# 
*>«£TSIAL*a*6, Mn|0HK9 2:ft±«7»l»e 

&1 OfcA^-eil'fix&JlMnfc&gHoifc, Ho/ 
Mn (flFFlt) #1. OfcfcfcJ^lcSMLaraWajlSa 

£-£t\ mmmiz&teitz. ztuz^o. «mrc* 

tfLltz S i MHHfe097C& HoM n O 3 K<0flM2: £ . 

mtxfs-itz. zcDHoMno 3 mmc?>mzit. is™ 

bltz. 

[0 1 093 ;<7)HoMn0 3 5f&£. RHEEDfcJ: 
OfWllfc. 05 i^SlffiORHEED/^-y^ 
. H^ISOASt^&ISS i WRt> [ 1 1 0 ] nmt 

bV—7X'fo&J*?->ii. ;<0HoMnO 3 »l 

B B Btt. $mmzmti&{>cr)X'foh.itz$kLx^&. z 
o 3 »«*9ysrjiT»-9T, cffiffiiSKoxtr?*^-^ 

^fltUfcfc* 1 OKffilcijVvC, jis b 0610tJ:S+jS 
WHSRz (S*^?L: 5 0 0run) ^aiJtUfctC 
•?>, ^T'O. 5 0nm, ft^T'0. 8 0nm s ft/hTO. 

0 8nm-C£> 0 . ^l^^-CTfflfftS Z t tm&Ztl 
tz. 

[oi i o] at:, HoMno 3 im&3miztm& 

SSr , 9 0 0 °C(C» L^*«A> 2 0 rprnT'ElKS . 
>I<0i:$, ECR?s;^ffiRjR«>4>aX^£2 5cc 

mfri>m%z-txmimiz&te?izbtz£9. ws 

2 0nnc7)GaN»K$:^$-e, *W«-f Xffl«K* 

[01113 .Itf)GaNjiJl£, RHEEDtJ; OWM 
Ltz. 06(C, Zcr>G aNBm<7)RHEED'*9-y£ 
nit. «?HOAI«rffi{iS i Hfio [110]^t 
Lfc. 06<i, A. 7 7rJf-Ci>SHoMn0 3 3K± 

*»^>. C:OGaN?fli*>'7tfrf B T-J>-5T, c®E[Sj«7)X 
b*^ ^ /H6VCA l> i t . 
[0 1 1 2 3 %t&M2 

mmm 1 taw t£ s i «ttas«»fflt^T . 

1 - Si (111) MR. 

2. R-ZraUBMHiigWCZrO,^) , 

3. AiMn0 3 ^?i^ (HoMn0 3 fflK) . 

4. ^ffiJl (GaNffM) 

WWST'jf Rt^Ui Ztitttr/ <4 xmmW. £ . WTO 
mX'KMUz. 

[ o 1 1 3 3 z r Otitmnjemt. x&mAizx in 
1090 9 9^'mizMimztitzirmizi£i 

X. JaTO^JHTffofc. 
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[oi 143 t-r. lowsifcrawcLT. mmmiz 

Jf$ftlran?>S i BHH»£»JSU!:. 
[0115] fcwc, 9 0 OXHZ tmi. 2 Orp 

mnmZlt. lOnntUc. 
[0 1163 iWZrOtMIICOV^XilllHffStTo 
fcti*. Zr0 2 <7) (111) tT-^*<Bj|BSEt;{S^$ 
*l. *-Ertltt«>«ISfttt«)«lT* hZb Whfr-> tz . 
Z<D ( 1 1 1 ) RMff>ay*y7fi-70)!WBMto m 
7 • (Si £&aRtt£*tr HSIffi ) T* 9 . Efflttlc 

RHEEDfcriojHiLfc. -e^sm. cogiKasa 

->tz. Z<n%&{ZXY*}-9X'bhrt9->\t. ZCOZ 
rOJMLm. mmmzffll&i,<7)?t>$>Zt£ 
tULT^Z. C<^IK*ffi<0(5Hr±*J:*>7tSl 
OSfBrlciswc. JIS B oeiOtiS+jST^BSRz 
: 5 0 0nm) ZMfeUzbZZ. WT 
0. 8 0niiu JfcfcT'l . 0 0nm s ft/JvCO. 0 8nnT'J> 

[01 1 7 3 «r*i. 2rO,«§|t:#iT#±3IBcSR» 

tC^, ZrO,ftRfcneatiJfcW6*lfc. fcrt* 

fc. ZrO,flM£J:tfYSZ (YfciOSBfcftU:*? 
/Lcj^A) 9II<3igiiff$a£L*:ttjK. Zr0 2 il 

[0 1 1 83 «(C. Zr0 2 {fK±{C, W$£5 0nnifc 

Lfc*j*»{iigit09 1 1 wmz UHoMn o 3 mmi:M 

[0 1193 ;^)HoMn0 3 IIi&, X^HSffcJ:^ 

RHEEDjcioiMiLfc. z<vm%, zasmttt 
&x-c ffiffii&iT* 0 , **ox x-wu&T"^ .r t 

[0 1 2 03 Jtlfcffll fcPItRClLTG a NfflR 

S-mtTH^TA'^^fflS^tL. -Itf)GaN?IJi£- 

[01213 mmm3 

«B# ( 1 0 0 ) Bi&SJ: 3fc«WL ttiSfflaLfcS 
i £ Si (10 0) XKJ: , Siffitf ( 1 l 

i ) mtzzziizviM^ &wm®uzs uniga^ 

=5:&Si (11 DfflRfc^JWBL. Ztit><V&&<r)m 
ffi«\ 40X7?ftm-W*iia[CJ:9x7tV 



>f^>PBBT*0. ffSli3 0 0jumT';&6. ,I*l£>?> 

1 . Si (10 0) S&gfcttS i (111) SS, 

2. R-ZrXK^IIR(ZrO,;il() , 

3. 6JJBIR (PtWJR) . 

4. AMn0 3 MIS (HoMn0 3 jll£) . 

5. HffiJI (GaNfflR) 

zmx-nmitz. 

[ o 1 2 2 3 s i tmnxBL^ammisxvz r o 2 
mm<mmt. jntW2fcH«fc:LTfT->fc. 

[0 1 23 3 ZrOj^Rtoi^TXllEJf^ff-s^i: 
c*. si (ioo) ms.±.<nz r 0,a«Ttt. Sffi 

®&v> (002) t-^**TOEc«K$n. £&o£a 

tt& i^&ZKmitziimzi&<mftLtz&FMhm 

htitzZbtm&Ztitz. — Si (111) mSLk 

<?)Zro 2 mmx'ii. $mm2kmtsii%:mt>tifz. 

[0 1 24 3 #ZrO l SU£RHEEDfc:J:9 

TisWCmTblZbtfWlZtit:. itz. Ztih 

2WF>Z r 0,9R8noi2B&ftfcbfc& 1 OSfBttC 

fcwt, JIS B 0610t J:«+jftT*WiSRz 

L : 5 0 0nm) ZfflfcltzbZb. Si ( 1 0 0 ) WBL 

±OZr0 2 (00 1 ) SWCIi, T^TO. 7 0nm, 

g^T'O. 9 5m, ft/hTO. 10nmT'S>0, Si (1 

1 1 ) lSl^Zr0 2 (111) fflHTtt. 

0. 8 0nm N ft*Tl . OOnm, ft/hTO. 0 8nmT'J> 

[0 1 2 53 iJCt. Z r 0 2 9nS»fEiiilC^t£«aifi 
5r7 0 0"CCjD^L, 2 0rpmT'[SIi£?^* { 4», W§ 
lOOimOPtaKfcjEMUfc. 

[0 1 263 ^<>iub«-P taiHicoi»TX«ig*f*ff 

ofcfcii. Si (lOOIS^^fcSi 
(111) »«S:fflV^«-&<7)^-f^tcfc^Ti>Pt 

din t-?a«ii*fc:i»$*u b'tit><mwizm 

iMLfcP t ( 1 1 1 ) *-KfflRW»4>*iTV**,:fc 

[0 1 273 *Ptjf)8S:RHEED(Cj:0IF« 

oTl^ii:*^. WPtaWfctCxt^^^/m 

[ 0 1 2 8 3 =3:fe, Z r 0,fnHc»iT*±3WE*» 
flSIWnit»lfiLfck;*. Si (100)££$J8n 

fc«*Tfc si din &m&m^fz®%x't>%i±m 

7c%&lVfammi (111) Ef6]i0xb'^^^^^t 
«r0. *BttttZrO,»ltfcBttfc'8r->fc. -J-LX, 

io«±ajai6iNi«aj»5jbt: p t wh* Jia*ftc 
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(in) wmtfi&btvk. 

[0 1 29] PtSWLht:. W$^300n.DtL 
fc(3*»«iHS6CT 1 1 mmiZ IX H oMn 0 3 

[01 30] #H o M n 0 3 {fig* XttEHfftC «fc OiFfI 

itztam. si (ioo) s«e* H^tti&i sid 

1 1 ) S^S-ffl^Tt^tA^ftWcSRWtf-^^t 
tfftffiSiU *-ErtK-C*6£ ifc. 
IfJIRftlC RHEED{CfcJtl> EWf't* - M> — 

[0131] «r*J. ZrO,Jli|tC»iT. ZrOjtS 

fcli. *Bftt0 t *M»l»<ar-3fc. 4fc. Pt9BMt:#i 
Tl rOTKrifttoAIBI§|«r^ttS-a:fe«*li. Pt 

[0 13 2] <£<7)f£. HifeMl t RttC LTG a NftR 
«r»JftLT*W^f *JBa&Kfc U &GaNSSJ&£H 

itn 1 1 mfflz txnmuztz*. c sie^o 

[0 13 3] HMgiJ4 

&RjSM_b9AMn0 3 ^iJ& (HoMnOsii) 
J*£ 3 Onn^R- Z rftttftMSR ( Z r 0 2 sfj&) 

IKfcfBKU:. "f ftPHMUfR-ZrjRKMIi 

[0134] ZtL^cv&FrJU xmWfiL?)? *> S i 
(10 0) *«£ffi^fct,?m;L Si (100J//G 
aN (0001) A>OSi ( 1 10)//GaN (1-1 
00) ttoT^&ZkfiK RHEEDtUtfXtgEJflr 
fciOWBTSfc. -ffcibfc. SiSKOfffllfflfcGa 
N»B*>»HHi: LT l ^ Cl t SligT'£ fc. 
[0 135] jttfcM5 

£&0<l 1 Tffiffl Lit S i JKtiAffiK&ffli v? . 
1 • S i ( 1 1 1 ) ££. 

2. R-ZrjRKftHMIR(ZrO t »R) . 

3. mM <A1 N?»jg|) 

[ o 1 3 6 ] s i ws&x&eamnmtsivz r o 2 

ffiROSjfitt. *lt«2fcR«fc:l,Tl¥ofc. 
[0 1 3 7] at:, ZrO,«BLtfc. %Z2um<7)A 1 

N»Bt*»isLfc. a i Nmm(v&mzii. n 2 #h« 
+(cjo(ti> r f v?** hn^^ ? y y yfezm^ 
tz. ^-y-zhcii^iA 1 5rffli,\ mm&s.ne 0 0 

'C, Nj^ffiiO. 2 5Pa, RFA*y-(i8 0 0Wt L 
tl. 

[0 138] Ii7)A 1 NilJSCoVvcXIgllltfrfcffofc 
A 1 Nco (0002) 



Zttfbfr-otz. Z<7) (0002) Rtti^D /^>^ 
-7*>¥fMBIi 1 . 9 * X'S> 0 . £ffltt(cft*i* C 1 1 

[0 13 9] ifc. C1WA1 N9IR£* RHEEDlCj: 
OiFWLfc. RHEED£*iW-S®flf^?-yi±, 2& 
SrffirtttJ v SIS $ i: * £0 7 OA"? - y t II 8 
#0*6*1 3 0* rt KSSfcSWi* tflDT 
fcofc. ZWif-yfrk. Z<7)A 1 NSBjj^xe^^f 

[0140] Z<r)A 1 NffMXOBafSB&fl-KJrt:* 1 
OffiJJrfctitvc. jis B 0610t:J:l)+^¥^ffl$Rz 

(S$hKSL : 500nm) *j»gLfcfci*. WT' 
2. 5nm N fb*:T*5ni % ft/KCl . 0nmT'£> 9. ^FfflT' 

[0141 ] HMgiJ6 

^M^I 1 lit S i JHSAX«»fflv^ . 

1 . Si (111) £«. 

2. R-ZrjRKHtflrtHR(Zr0 2 ail) , 

3. ^IRIR (PtUR) . 

4. ^ffiJl (ZnOjf^) 

z-mx'fmuz. 

[ 0 1 4 2 ] Z r 0 2 «R^»)*aT*±. HMM4 t PI 
t^WCffofc. ZrOjSHRiiRSLfcSi 
»«Sr 5 0 OWZM&LX 2 OrpmX'mzZtttf^-k 
RPt$r^#L. Jf$ 1 0 0i««)PtaW*jaSL,fc. 

[0 143] iOPtSHWco^TXiBigff^fiofci: 

i*. pt*> ( 1 1 1 ) t^?#giaE(cffiK3*u m- 

Emtt«)JM&att«K"r*iii:*<*M6»-5fc. dco ( 1 
1 1 ) RStcoo-y* y?#-7<&Eimii0 . 7 8* T 

tHKt, RHEEDCiOfFOiLfc. *^)»S». CIO 

9-VXh-otz. Z\<r)%&\,zxYV—7X'foh^9-> 
li, iOPt-fftwiSfttt. «iBttfc:fl»ii«,o-c*i 

[0 144]<*:^T. Pt?i)l±{C s H$lxx».c7)Zn 
OH||fe»lStfc. ZnOii^lSCIi. Ar + O; 

#Hm+tC*5(tl>RFV^ho>'>?./N-7^Dy^^ 

0*C O t / (Ar + Oj) Jil 0%, tizmtO. 4P 
a, RFA'7-Jil 5 0Wi: It:. 

[0145] z(7)Znommzr>^xxm®VT£fi-ot: 

tZ*>^ ZnO<7)(0 00 2) e-?#Bj»;:ffi2S?£ 
Zttfbfr~>tz. Z<r> (0 0 0 2) ^Mcoo y^yy/j 

-ym-m^io. 99- x-hn. wmazmih^t 
hmix-ztz. 

[0 146] ttz. ZVZnOmmZ. RH'EEDfci 
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&mftlz&\,'>X\s\$£Z-£tz k # lzffl9WS?->t 0 1 
Sri^rtvm.'bh Z k tfhfrk . 

[0147] zoz Tiommm<wm±mzbK& 1 
ommza^x. jis b %mzi rz 

(2ikg£L: 5 0 0nm) S»eLfcfc£*. W 
8. 5nm. fefcT'lOwu fi/h-C2nmT'J>0 . TifiT'J) 

[0 148] g!8Sff!l7 

IQt«3TttfflLfcS i ( 1 0 0) £K£S i ( 1 1 

1 . Si (10 0) SKifcttS i (111) ££, 

2. R-ZrjR»ftMi||| (Pr t O,|fR) . 

3. StfflB (GaN»R) 

[oi49]*r, sss&pg 1 1 Ri: Lxzwrnwiz 

S iHHfcHMNHMlU <fcwt\ r 9 
KPr*JBvtfc«jWiJ«l«lfcHllMcLT. Pr 2 0 3 
SMfcJMcLfc. Pr 2 0 8 a«<oJJ3lilOn«fcU:. 

[0150] mtt&mLttiZJB&Ztvfi:Z.tili>0>P r 2 
OaMHtoV^TXtfEIJftffofefci*. Si (10 
0 ) £&£JBl^«£(CttP r 2 O 3 c0#±SCM«jt<7) 

(222) K-^3WHWK:«KS#i, 9KEl&lU:tSA 
R^WifcifcjWBKttufc. Si (111) 
RR(c (222) 

wbksju xstmxm* m&tRWUz-xmz 

&<&ftltz&£kmmt>titzZt1)mt&Ztitz. £ 
tz. #Pr l 0 3 »IH£RHEEDfc:J:9fHil,fcJ:,r 

o 3 mf&$m<wm±mzbtz& 1 oarofttj^T. jis 

B 0610CJ:&+^iT^aSRz («??*$ L : 5 0 On 
■ ) iWl&LtlbZZ* Si ( 1 00) g«_t?>Pr 2 0 
3 ( 1 1 1 ) S»ro. ¥%)X'0. 7 Onn. m±X'0. 
9 5nnu g/KC0 . 1 OnmT* 0 » Si ( 1 1 1 ) S« 
±<7>P r 2 0 3 (111) MR-Cli. WC0. 80m» 
fefcTl. OOnm, fi/hTO. 0 8nmT'£>9, Hffti, 

[0151]fcfc, =&Pr 2 0 3 jfH±{^ HSlAmO 
GaNIKJMU:. GaNflHttflnfttti. N 2 » 

*->-'-y MCtt&EGa£ffll,\ £&&£{i50 
0'C, N 2 #XflEte0. 2 5Pa, RF/\*7-<i3 0 OWk 

[0152] Si (111) SflU:t3Bj£U:G a N9 
etCOl^TXHHJff^ff-jfck^^. GaNc7)(0 00 



1 ) JH-Efotto^/uyT-f 
hai«iWS*tt«llT**;t*«fc*»-»fc. CO (00 
oi )Stt«>D>y^y^-^o#fnKii. 9* (s 
iSSORtteStfUSiffl) "5*9. EWtttcflHiii 

ktwgrsfc. 

[ 0 1 5 3 ] tii. Si (ill) MRlfcJMiLfcG 
aN}SJ££, RHEEDfcJOfffliU:. RHEEDfc 

&fthmiM-yit. ms.£wmzt3^x®&z*tfc 
3 0- c:tiz3cKizmtii h<r>X'h->tz. 

C«0GaN^K* { xtr^#^r7HlT'ibl»Ci:* { 

[0 1 54 ] S i (111) S8±fc»*LfcGaN» 
ffi^ffltOlJff^ffcfcijJtS 1 OSfBrCtS^T. JIS B 06 
lOfcJi+jflflP&SSRz (XMSL: 5 00nm) $• 
atteLfcti*, WC0. 9™. **T1 • 5n«u g 
/JnT'0. 5niT*>9. WST'ifc&Cka^igSta:. 

[0155] $r8. Si ( 1 0 0 ) aS*LLfc:iBifcU:G 
aNjfJ£KfcWCi, XfREHfr. RHEEDfcJ:tf*ffi 

[0156] ZtlbWH'JU xmSMV o*>Si 
( 1 0 0 ) W&&mWz{><r>X'[t. Si (10 0) //G 
aN (000 1) ir?S i ( 1 1 0) //GaN (1-1 
00) k&oTHSCka 5 . R H E E D iJj; t/'X^BSf 
fcJ: 9*Br&rt:. "f SifflgOfHSiSkGa 

Nsn^^ffi t so** — ix c t t>K mmx'% tz . 

[0 15 7] |gjfeglJ8 

1 . si din ass, 

2. NaC lWafflMtm (ZrNJM) , 

3. mm ( 1 nNSR) 

OtlT'flR*^! $ titzmTr' u Ammo, t . WTO 

mx-imuz. 

[ 0 1 5 8 ] H4 &frt H*SS$-ffll\ Xffidft* 1 

o-noiriTaiiMteJfyrtciOJlMRL. SSi^9 0 0 
'ciztmtx 2 0rpaX'Emz-*thtmzsx)Ui)*e>m 

3R»$«xanaiiiilcttlftU. ZrNJMIISrJttftLfc. 
^0)ZrN9n^>9$U. lOnmtUc. 
[0 15 9] ;«ZrNIIl:-5UTXIlEljffJtT-5^ 
ki*, ZrN«(lll) tf-^*«W»lcaKS#l, 
#-El*Jtt«S»fltt*>RT* * C k * { i>*> -> . C C7) 
(111) RW^D^^y^-yoiMMHiO. 78 
' Erttt(=flWi*ikt«B-C*fe. 
[0 160] ttz, ZOZrNmm. RHEEDICJ: 
OfHBtfc. -£<0&£. iOZrN»|»BB«)ElJf^ 

V-9X'bh>V->&. :«ZrN»gM. fl 
ffitttflHtSttfDf*SCk*StLTV^. 
[0161]aC. ZrNSWLht, mZlunOl n 
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N8w«r»sw:. i nNmfmmmzit. N 2 #fflM 

fc. ^-y-y hCM&RA 1 fcjfln. g«&gli6 0 0 
*C, N 2 #*ffii0. 2 5Pa. RFKy-liSOOWiL 

[0 1 6 23 Z<7) I nNjlKCo^TXtSHIlffSrtTo/c 
I nN0 (0002) t^7*MfflR£llft3 

ZkWbtritz. Z<r> (0002) WM<nv-y*y7fi 

-rn^miio . 9 9 - x-h o . Efflttcfth* ^ t 

[0 1 633 ifc. £*>I nNjIJR£. RHEEDiCj: 
OfFfiUc. RHEEDtC;fe(tSlH]^^->{i. 

COX'foitz. ZW-yfrt>. Z<T)l nNSfflttfXt 
t0 1 643 SMM£ 

mm i x-mitz s i jusjuhrshi vc . 

1 . Si (111) 

2. AlO.jRSRUlOJIlt) . 

3. mm (GaNftR) 

<0WC»K*«HW S*ifc*FT><-f .xffl»t££ , WTO 

[oi 6 53 a-**, mtmi t&mzL-c. m&mtz 
w$»i™«s i mwimt&is.itz. 

10 1 6 63 aHRfcgOOTXlffiBL. 2 Orp 

m-cmiE? k^tcy XMi^jm^xi 2 5cc/# 

£>)l7Ci: A 1 O g im*>»fti:fcfTofc. CtfOA 1 0,3 

lOmtLfc. 
[0 1 673 >Itf0A 1 CUMfcXilBifKcj: 9#tff L 
fcki*, r-A l,o,a<oiSJMU»ft*t* ( 1 1 

i ) ®famx'hz>zttfbfrr>tz. 

[0 1 683 £tz. Z(DA 1 O r jIffit£. RHEEDC 

a i o.iij&fr'&fBtt. $kmmz&izz>i,?)X't>z>zt 
i ofis^rtfe^T, jis b oeiocis+jSppsjfiSRz 

: 5 0 0nm) fcjHJgUri: C*. WT 
0. 7 Onm. ft*T"l . 0 Onm. S/J\T'0 . 0 8naXf> 

[0 1 6 93 ate. C<OA 1 O.SUUhC. i?S2juiDC7) 
GaN«KS»jRLfc. GaN»M*>#jftfc:Ut. N 2 g 
BM4> fcfcft* RF7/*hn vxn y 9 U y^mim 
IrVfc. *-y?mi*BGa£JHl\ »Kfflg{i60 
OX:. Njtf^ffiiO. 2 5Pa. RF;\77-t28 0 OWfc 



[0 170] ;<T)GaN31<0RHEED(CfcJtSIIil»f 

\,z^SizWxh^<r>X'hr>tz. ZWf-yfrt,, zcr> 
G a N if jRtf x tf 9 * is -v /HRT* hZttfhfrh. 
[0171] itf)Ga NWK«iB<0lIB:±*Ki5fc* 1 
Offiftlzti^X. JIS B 0610dS+*¥^ffl?Rz 
(gJ*t££L : 5 0 0nm) Srffl^L^t .!<?>, 
1. 5nm, fi±T'2niD. fi/KCO. 7nmT'£>9. Tfif 

[0 1 723 H$6fflllO 

£. &fc. felTfc:^ (0001) EfflGa I n A 1 N 
A 1 N (0001) UK. GaN (000 
1 ) VUte XV \ nN (000 1 ) ««T**. 
[01 73] ZnO (000 1 ) jS^O^i. 

«S-6 0 0'C{:flDl?!itT2 0rpin-C'IlI(g$-ti-. 
tECR^^/mBRab^^B*^* 2 5cc/^c0SI 

miztmh&mi. mmm6tmmtuz. 

I0174]itz, ( 000 1 ) EfflGa I nA 1 

mmvB&i,, mm&ttztex^-y ?mz£ ^->tz. 
MMmxit . s«Sr 6 o o'azmm 1x20 rpmrmiK 
iiMCE CR7 iSfi)\smm.frt>m.mjfx * 

*>*-y*ifefc:*«*4Jfcft«. 7. 8 

[ 0 1 7 5 3 ttOMKi. ±fE#HJfi^Jt [SltttC 

[01763 1. Si (11 1) £g. 

2. HoMnOj (000 1) 

3 . P t (111) HR. 

4. (00 0 1 ) EftGa I nA 1 N^flflg 
[01773 1. Si (111) SSu 

2. ZrOj (1 1 1)318?. 

3. HoMn0 3 (000 1 ) SR. 

4 . p t ( 1 1 1 ) mm. 

5. HoMnOj (000 1 ) SR. 

6. (000 1 ) EfflGa I nA 1 N^jfR 
[01783 1. Si (111) ££. 

2. ZrO,(lll) AM. 

3 . P t ( 1 1 1 ) fflR. 

4. HoMnOj (0001 ) »R. 

5. (0001 ) iE(njG a I n A 1 N^HR 
[01793 1. Si (111) ££. 
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2. zrOj ( 1 1 1 ) mm. 

3 . p t ( 1 1 1 > am, 

4. ZrO, (1 1 1) 

5. HoMn0 3 (0001) Mm. 

6. ( 0 00 1 ) S|4)Ga I nA 1 NJ&jiK 
[0180] 1. Si (111) &m. 

2. Sc 2 0 3 ( 1 1 1 )»R. 

3. ( 0 00 1 ) ffi|S]Ga I nA 1 N%Bm 
[0181] 1. Si (111) 

2. zro 2 din mm. 

3. Pt (l l l )HK, 

4. (OOODiEiajGalnAlN^HIK 
[0 182 3 1. Si (11 DM. 

2. lu 2 o 3 (in) mm. 

3. ZnO (000 1)}I&2*:ti(0 00 1)iI[6jG 
a I n A 1 Nimm 

[01833 1. Si (11 1)%%.. 

2. ZrO, (111) ««. 

3. ZnO (0001 ) HMtUlt (000 1 ) BAG 
a I n A 1 N&??& 

4 . p t ( 1 1 1 ) m m. 

5. (000 1 )K|6]GaInAlN&5IJK 
[0 1843 1. Si (11 l)£m^ 

2. Zr0 2 (lll)ii. 

3 . z no ( o o o i ) mmitzii (OOOl) I2|6]G 

a I nA 1 N%mm. 

4 . p t (ill) mm. 

5. z no ( o o o i ) mmttzii (oooi) ieisjG 

alnAlNftgR 

[01853 1. Si (111) MIS.. 

2. z ro 2 (ill) mm. 

3. PtdllJffll. 

4. zro 2 ( 1 1 1 ) mm. 

5. Z nO ( 0 0 0 1 ) mmttM (0001) iir&jG 
a I n A 1 N%mm 

[01863 W±cnmm<r)i&$kfrt>. *&8in!m& 
WbfrX'hh. 

[013 < a > ~ ( e > «, *wmm.=?-T>u 
mmmzTjktmmxb * . 

[02 3 YSZtt&cot&iZ&mWt&tzfrnm 

[03 3 m{m¥mtmw<7)-&ix'$>& LEDnmmz 
[04 3 *%wnm?T'<j xmwfcnsmizm^bti 
[05 3 »JMUfttsrrtraiftffl9»"r*->r . s i 
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